1. Introduction
===============

Crohn\'s disease (CD) is one of the 2 main disease categories of inflammatory bowel disease (IBD), which is characterized by chronic and relapsing intestinal inflammation and noncaseating granulomas. Although its mechanism has been believed that the interaction of environmental factors, including intestinal microbiota, with the host immune system in genetically susceptible individuals may be an important cause, the specific mechanism of the initiation of this disease is still incompletely unclear^\[[@R1]--[@R3]\]^; as a result, these therapies fail to completely improve symptoms and reduce the inflammatory process fundamentally. Moreover, a large proportion of patients with CD would be refractory to conventional medications (generally aminosalicylate anti-inflammatory drugs, corticosteroids, and perhaps biologics) within a reasonable time.^\[[@R4],[@R5]\]^ Surgery may be required for refractory patients if necessary; however, it cannot cure CD. It involves removing the diseased part of the intestine and rejoining the healthy ends, but the disease tends to recur after surgery.^\[[@R6],[@R7]\]^ Once refractory CD develops, patients would be at the risk of no more drugs to be managed.

In 1998, Lopez-Cubero et al^\[[@R8]\]^ investigated hematopoietic stem cell transplantation (HSCT) in CD from the experience described in autoimmune diseases. Four of 5 patients followed up of 4.5 to 15.3 years had remained free of CD, suggesting that host immune dysregulation of CD can be corrected by HSCT. Subsequently, HSCT has emerged as a promising therapy, especially for poorly responsive CD patients to conventional treatments.^\[[@R9],[@R10]\]^ HSCT is the transplantation of multipotent hematopoietic stem cells (HSCs), which can be categorized into autologous (the patient\'s own stem cells), allogeneic (the stem cells come from a donor), or syngeneic (from an identical twin) according to the source of HSC.^\[[@R11],[@R12]\]^ Allogeneic HSCT is reserved for patients with life-threatening diseases, such as multiple myeloma or leukemia, due to its complicated and dangerous procedure with many possible complications not only for the recipients, including veno-occlusive disease, mucositis, infections (sepsis), graft-versus-host disease (GVHD), and the development of new malignancies, but also for the donors, including drug risks (filgrastim), access risks (jugular/subclavian/femoral veins are used), and certain severe adverse events (AEs, pulmonary edema/deep vein thrombosis, splenic rupture, and myocardial infarction).

Compared with allogeneic HSCT with above risks, especially for refractory CD, autologous HSCT would exempt the recipient from certain disease of donor associated with a susceptibility gene,^\[[@R13]\]^ which can successfully avoid the problems on HLA-match.

Since the 1990s, there have been several case reports or case series documenting improvements of CD when undergoing HSCT for hematologic malignancies,^\[[@R8],[@R14]--[@R16]\]^ followed by clinical trials investigating efficacy and safety of autologous HSCT in refractory CD.^\[[@R2],[@R3],[@R8]\]^ However, given the previous studies of a small sample size, the apparent advantages of autologous HSCT would be challenged. Besides, the mortality and other AEs of autologous HSCT need a comprehensive investigation. Therefore, the aim of this meta-analysis was to assess the efficacy and safety of autologous HSCT for refractory CD.

2. Methods
==========

2.1. Search strategy
--------------------

The systematic review and meta-analysis were performed and reported according to the standard Cochrane guidelines and the PRISMA statement.^\[[@R17],[@R18]\]^ We conducted electronic searches without language restriction of PubMed, Embase, the Cochrane library, and Web of Science from inception to February 2017. The search strategy of this study was a combination of "autologous" AND ("hematopoietic stem cell" OR "haematopoietic stem cell") AND ("transplantation" OR "transplant" OR "therapy") AND "refractory" AND ("Crohn\'s disease" OR "Crohn\'s disease"). Manual searches of reference lists from relevant papers were also conducted to identify additional studies that may have been missed in the database search. Using the Endnote X7 constructed the library of studies and automatically excluded the duplicates.

2.2. Inclusion and exclusion criteria
-------------------------------------

A Population and Intervention (regarded as modified PICOS) question was designed to determine the strict inclusion and exclusion criteria before the literature search. Studies were selected on the basis of the following inclusion criteria: human studies; included patients with refractory CD; HSCTs were used for treatment of refractory CD; and efficacy and AEs were reported. The studies that were published as case reports, reviews, letters, or conference abstracts were excluded.

2.3. Data extraction
--------------------

Two reviewers (Xiao Qiu and Jue-Rong Feng) extracted data independently from the included studies using standardized data extraction forms. Data included author; year and country of publication; type of study; sample size; age of the patient; conditioning regimen; procedure of mobilization and CD34^+^ cell selection; efficacy outcomes and AEs; prognosis; and time of follow-up. Discrepancies in eligibility or data extraction were resolved through discussion, and rereview of the studies and consultation with one other author when necessary.

2.4. Statistical analysis
-------------------------

To assess autologous HSCT, the primary outcomes of efficacy in this study were the pooled estimate proportions of clinical and endoscopic remission after autologous HSCT for refractory CD patients. Secondary outcomes of efficacy included steroid-free and immunosuppressive-free remission. The primary outcome of safety was transplant-related mortality (TRM). Secondary outcomes of safety were febrile neutropenia and other relevant AEs. In addition, to assess the mobilization phase of autologous HSCT, the outcome of efficacy was the pooled estimate proportion of clinical remission, and the outcomes of safety were AEs.

We estimated aforementioned outcomes under the fixed and random effects model. Heterogeneity was assessed by Cochran Q test and Chi-square test.^\[[@R19]\]^ More specifically, the I^2^ statistic was used to estimate inconsistency in meta-analyses, which indicates the inconsistency between studies due to heterogeneity rather than chance.^\[[@R19]\]^ In the Q test, a *P* value of \<.1 was deemed statistically significant. The I^2^ method was used to assess for degree of heterogeneity, with a score discrimination of 0% to 40%, 30% to 60%, 50% to 90%, and 75% to 100% consistent with low, moderate, substantial, and considerable heterogeneity, respectively.^\[[@R20]\]^ In cases of moderate or high heterogeneity, each study was rereviewed to identify whether any discrepancy could be identified, and sensitivity analysis was performed by excluding 1 study at a time to reflect influence of individual study on pooled proportion. All statistical analyses were performed using Comprehensive Meta-analysis (Biostat, Englewood, NJ).

Meta-analysis is a systematic review based on previous studies and the ethical approval is not necessary.

3. Results
==========

3.1. Search results
-------------------

The initial search strategy yielded 82 abstracts for review, of which 70 studies were selected for a detailed review and 9 studies met the inclusion criteria involving 97 adult patients (Fig. [1](#F1){ref-type="fig"}). This included 4 prospective uncontrolled cohort studies and 4 prospective case series. In addition, 1 randomized controlled trial (RCT) was identified and included in this review. No meta-analyses of autologous HSCT for refractory CD were identified. The characteristics of each included study are presented in Table [1](#T1){ref-type="table"}. ^\[[@R21]--[@R29]\]^
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Characteristics of the included studies.
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3.2. Efficacy of autologous HSCT therapy for refractory CD
----------------------------------------------------------

Efficacy was regarded as the following outcomes: clinical remission, endoscopic remission, steroid-free, and immunosuppressive-free remission after autologous HSCT.

### 3.2.1. Primary outcomes---clinical remission

Clinical remission was defined by a CDAI \<150 at the end of treatment. Clinical remission was reported in 8 trials involving 68 patients. The pooled estimate rate of clinical remission was 79.4% \[95% confidence interval (95% CI): 0.550--0.924\] (Fig. [2](#F2){ref-type="fig"}). There was a moderate heterogeneity between studies (*P* = .016, I^2^ = 59.34%).

![Forest plot of pooled estimate rate for clinical remission after autologous HSCT.](medi-96-e7381-g003){#F2}

Sensitivity analyses found that it could eliminate heterogeneity between studies by excluding the 1 study by Hawkey et al.^\[[@R21]\]^ The inconsistency may exist due to this study design of randomized clinical trial. After removing the study, the pooled estimate rate was 83.9% (95% CI: 0.687--0.925, *P* = .588, I^2^ = 0%).

### 3.2.2. Primary outcomes---endoscopic remission

Endoscopic remission was defined as endoscopic improvement or complete absence of mucosal lesions at the end of treatment. Endoscopic remission was reported in 5 trials involving 19 patients. The pooled estimate rate for endoscopic remission was 81.9% (95% CI: 0.603--0.931) (Fig. [3](#F3){ref-type="fig"}). There was no heterogeneity between studies (*P* = .973, I^2^ = 0%).
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### 3.2.3. Secondary outcomes---steroid-free remission

Steroid-free remission was defined as CD patients maintaining remission without corticosteroids. Steroid-free remission was reported in 4 trials involving 37 patients. The pooled estimate rate was 54.1% (95% CI: 0.261--0.797) (Table [2](#T2){ref-type="table"}). There was a moderate heterogeneity between studies (*P* = .136, I^2^ = 45.87%).
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Pooled effects of autologous hematopoietic stem cell therapy for refractory Crohn\'s disease by meta-analysis.
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Sensitivity analyses found that it could eliminate heterogeneity between studies by excluding the study by Hasselblatt et al.^\[[@R22]\]^ Stem cell mobilization and a follow-up of 10.3 years from the study were obviously different from other studies. After removing the study, the pooled estimate rate was 66.2% (95% CI: 0.470--0.812, *P* = .623, I^2^ = 0%).

### 3.2.4. Secondary outcomes - immunosuppressive-free remission

Immunosuppressive-free remission was defined as CD patients maintaining remission without immunosuppressive drugs. Immunosuppressive-free remission was reported in 8 trials involving 68 patients. The pooled estimate rate was 82.1% (95% CI: 0.692--0.903) (Table [2](#T2){ref-type="table"}). There was a low heterogeneity between studies (*P* = .327, I^2^ = 13.24%).

3.3. Safety of autologous HSCT therapy for refractory CD
--------------------------------------------------------

AEs during autologous HSCT and follow-up period can be mainly documented, such as TRM, febrile neutropenia, infectious AEs, and other noninfectious AEs.

### 3.3.1. Primary outcomes---TRM

Data on TRM were available for all included trials involving 89 patients. The pooled estimate rate for TRM was 6.4% (95% CI: 0.028--0.140) (Fig. [4](#F4){ref-type="fig"}). Significant homogeneity was observed among the studies (*P* = .990, I^2^ = 0%).
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### 3.3.2. Secondary outcomes---febrile neutropenia

The most common AE is febrile neutropenia, which was reported in all studies. However, data on febrile neutropenia were available in 4 trials involving 34 patients. The pooled estimate rate was 83.2% (95% CI: 0.632--0.934) (Table [2](#T2){ref-type="table"}). There was a low heterogeneity between studies (*P* = .344, I^2^ = 9.72%).

### 3.3.3. Secondary outcomes---other AEs

In addition to TRM and febrile neutropenia, 6 of 9 studies reported no unexpected severe AEs or serious life-threatening complications.^\[[@R22]--[@R27]\]^ Infection was frequent during autologous HSCT or the first year after transplantation. As far as virus infection is concerned, Epstein--Barr virus, cytomegalovirus, and BK virus were reported to occur in the first year after transplantation.^\[[@R21],[@R25],[@R28],[@R29]\]^ In addition, there were some other infectious AEs documenting in several studies, such as pneumonia, bronchitis, and urinary tract infection. Among noninfectious AEs, allergic reaction to ATG (fever and hypotension) was reported in 2 studies. Besides, 2 studies reported acute renal failure, one of which was related to septic shock.^\[[@R24],[@R29]\]^ Included studies also documented that gastrointestinal symptoms, such as nausea, vomiting, diarrhea, and abdominal pain, were more often in patients.

3.4. Efficacy of mobilization phase in autologous HSCT
------------------------------------------------------

Available data did not allow us to assess the endoscopic and medication-free remission after mobilization. Data on clinical remission were available in 5 trials involving 48 patients. The pooled estimate rate was 18.5% (95% CI: 0.061--0.442) (Table [2](#T2){ref-type="table"}). There was a moderate heterogeneity between studies (*P* = .138, I^2^ = 42.47%).

Sensitivity analyses found that it could eliminate heterogeneity between studies by excluding the study by Jauregui-Amezaga et al. ^\[[@R29]\]^ After removing the study, the pooled estimate rate was 32.4% (95%CI: 0.160--0.548, P = 0.558, I^2^ = 0%).

3.5. Safety of mobilization phase in autologous HSCT
----------------------------------------------------

Available data did not allow us to assess the safety of mobilization. The study by Oyama et al^\[[@R24]\]^ reported no mobilization-related disease flares or infections. Minor AEs were common in another two studies, such as nausea, headache and arthralgia, one patient of which developed a transient deterioration of kidney function due to decreased oral intake because of nausea, which responded rapidly to intravenous fluids.^\[[@R25],[@R27]\]^ In addition, Jauregui-Amezaga et al^\[[@R29]\]^ reported that 16 of 26 patients suffered febrile neutropenia. The RCT by Hawkey et al^\[[@R21]\]^ reported 17 serious AEs in 11 of 23 patients, which mainly included infectious AEs and gastrointestinal AEs. It is encouraging that no death occurred during mobilization in all 9 studies.

4. Discussion
=============

It was the first meta-analysis that comprehensively summarized the efficacy and safety of autologous HSCT for refractory CD. Our analysis assessed the efficacy of autologous HSCT primarily through clinical and endoscopic remission, then further through immunosuppressive-free and steroid-free remission. The study confirmed that autologous HSCT had a high rate of clinical and endoscopic remission in refractory CD, 82.1% and 54.1% patients could reach medication-free remission for at least 12 months after autologous HSCT, and their relapses were treated successfully with previous medication that they had been nonresponsive to, indicating that autologous HSCT is quite an attractive option in patients with refractory CD. However, in the case of safety, it had a relatively high incidence rate of TRM. Besides, a significant association was observed between autologous HSCT and the incidence of febrile neutropenia, which may be related to acute inflammatory reactions by a subset of patients to particular preparations of HSCs.^\[[@R30]\]^ Interestingly, we found that 18.5% of patients with refractory CD received clinical remission at mobilization phase.

Autologous HSCT mainly includes 3 stages, including mobilization, conditioning, and transplantation phase. No data are available with respect to the mechanisms of autologous HSCT in refractory CD. This is partly because of the scarcity of studies performed until now. In theory, HSCT could "reset" the immune system by eliminating self-reactive T-lymphocytes and memory cells so as to allow the transplanted stem cells to develop into self-tolerant lymphocytes such as CD4+CD25+FoxP3+ T-reg cells.^\[[@R14],[@R31]\]^ There is also evidence that suppressing Th17 response contributes to a decrease in CD activity.^\[[@R32]\]^ As a result of resetting the immune system, patients can achieve clinical remission with medications that they were previously unresponsive to.^\[[@R33]\]^

Importantly, patients with refractory CD could be in stage of medication-free remission. For instance, steroid-treated of long time is at a high risk of developing adrenal insufficiency. Interestingly, we found that 18.5% of patients with refractory CD received clinical remission at mobilization phase, which was associated with cyclophosphamide and granulocyte colony-stimulating factor (G-CSF) that can modulate T-cell and Th2 function.^\[[@R34]--[@R41]\]^ Therefore, the stem cell mobilization by cyclophosphamide and G-CSF could help improve the efficacy of autologous HSCT to a certain extent, but could not be taken alone without autologous HSCT. Definitive evidence regarding the efficacy of mobilization will be provided by the prospective randomized multicenter ASTIC trial, determining whether there is a potential clinical benefit of mobilization followed by HSCT versus mobilization therapy alone.^\[[@R42],[@R43]\]^ In general, the stem cell mobilization phase was safe enough to permit patients to enter the conditioning and transplant phase.

Unfortunately, transplant-related death was seen in 2 patients, resulting from systemic cytomegalovirus infection and sinusoidal obstructive syndrome, respectively.^\[[@R21],[@R29]\]^ In addition, several AEs occurred during HSCT and follow-up period as well. First, in the case of TRM, we believed that the relatively high mortality may be partly due to the small sample size of clinical trials. Second, AEs and TRM may be specific to CD, as the immunity of patients with severe active CD may be already weakened by both the disease and long-term use of immunosuppressants, which could increase the toxicity that results from conditioning and transplantation.^\[[@R44],[@R45]\]^ Thus, the careful selection and screening of CD patients before transplantation is be of great importance, as it is associated with the outcomes of the patients to some extent. Furthermore, regimen-related AEs can be serious, mainly including bacterial and viral infections.^\[[@R22],[@R24],[@R25],[@R27],[@R29],[@R46]\]^ Immunosuppressive therapies during mobilization phase can also result in hepatotoxicity, pancreatitis, and pancytopenia.^\[[@R28]\]^ Besides, patients who have been previously treated with steroid for long periods of time are at a high risk of developing adrenal insufficiency.^\[[@R29]\]^ Therefore, it seems that the use of drug and the dosage in mobilization and conditioning regimens plays an important role in the mechanism of AEs and TRM. The mobilization regimen recommended by the European Group for Blood and Marrow Transplantation (EBMT) is cyclophosphamide (2--4 g/m^2^) along with uromitexan and careful hyperhydration, followed by administration of G-CSF (5--10 μg/kg).^\[[@R46]\]^ The conditioning regimen used in HSCT varies considerably; however, a consensus has not yet been reached.

Among the 9 included studies, only 1 was a randomized controlled trail, which suggested that autologous HSCT, compared with conventional therapy, did not result in a statistically significant improvement in sustained disease remission at 1 year. It is important to note that the author chose a highly stringent primary end point requiring patients be off all immunosuppressive drugs, with CDAI less than 150, no active treatment, and free of active disease on imaging, which has not been used in any previous study, thus resulting in no statistically significant difference in sustained disease remission between HSCT and conventional therapy.^\[[@R21],[@R47]--[@R49]\]^ Taking this into account, we choose the individual components of the primary composite outcome for our analysis, such as CDAI\<150, which is consistent with the majority of clinical trials. In general, even if RCTs are considered the best way for assessing a treatment effect, it is necessary to choose a meaningful end point for treatment group of patients with severe disease, so as to evaluate the clinical efficacy objectively. Moreover, we hold the opinion that patients who had continuing refractory CD treated with conventional medical therapy are not perfect controls, owing to a poor outcome despite its use. In addition, it is known to us all that transplant is a way of treating disease that a long-term follow-up period is needed, so it is inevitable that a large proportion of patients may withdraw from the group during such a long time, especially, the compliance of patients in control group can be poorer.

More recently, the study by DiNicola et al^\[[@R50]\]^ suggested that minimizing toxicity of autologous HSCT therapy is recommended for future research. The protocols of therapy need to be further refined through the cooperation of gastrointestinal and hematological malignancy professionals, so as to incorporate safer therapy and achieve the right amount of immune "cease fire" to restore gut tolerance as a treatment for refractory CD, especially for those severe ones. Furthermore, the study indicated that the safety can possibly be increased with less toxic regimens of chemotherapy, as the purpose of the autologous HSCT therapy for CD is not full ablation.

Several limitations of our analysis should be mentioned. First, many studies published in conferences were available abstracts only. Moreover, a limited number of RCTs of long-term follow-up on autologous HSCT for refractory CD are available up to now. Second, AEs reporting was not standardized. Given the definitions of AEs varied among studies, it is difficult to pool these data for quantitative analysis further. Finally, included studies did not document the clinical behavior of CD (such as inflammatory, fistulizing, or stenotic disease) before and after autologous HSCT. Moreover, some but not all studies had considerable differences in autologous HSCT, such as stem cell mobilization, conditioning regimen, whether CD34^+^ cell selection, whether use of ATG and immunoablation (Table [1](#T1){ref-type="table"}).

5. Conclusion
=============

Our meta-analysis suggested that autologous HSCT could be a complicated treatment with relatively high mortality and significantly high efficacy for refractory CD that should be used with caution. However, more RCTs of larger samples using refined and standardized protocols and longer period of follow-up time are needed to further assess the outcomes of autologous HSCT therapy.
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